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A SUMMARY OF AEROLOGICAL OBSERVATIONS MADE IN WELL-PRONOUNCED HIGHS AND LOWS 
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SYNOPSIS 

The primary purpose in preparing this paper has been to deter- 
mine the oustanding characteristics of uvll-pronounced HIGHS and 
LOWS as well as euch features as distinguish them froin each other. 
The mean free-air winds, temperatures, relative humidities and 
vapor pressures were determined for summer and winter at a nuni- 
ber of stations iq the United States for the four qriadraiits arid the 
center of each pressure system. An accurate comparison of the 
two methods of observation, via, kite and pilot balloon, was made 
possible by summarizing these data separately. 

0 ,  0 ,  

233 36 02 95 49 Aug.. 1918 Sept.. 1924 6 2 
396 41 30 96 16 Nov., 11115 . . _ _ _ d o  ..... 8 11 
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INTRODUCTION 

It is reco nized that mean values tend to conceal 

and LOWS, which must in t emselves be analyzed in any 
study of the fundamental mechanics involved. How- 
ever, averages based on the more typical cases have 
their uses and are necessary in determining basic values, 
so that departures therefrom may not only be more 
readily identified but their significance better realized as 
well. The relative importance of the various physical 
processes involved in producin the mean values is seldom 

cussion of these means will be limited mostly to statements 
of facts supplementary to the illustrations and tables. 

This paper on the free-air conditions associated with 
certain types of pressure distribution as depicted on the 
daily weather maps is based on observations macle a t  
approximately the time represented on the maps, viz, S 
a. m., 75th meridian time. The stations and periods of 
record used are shown in Table 1. 

K important c % aracteristics eculiar to individual FIIGHS 

d ever the samein the mdividua f cases and therefore the dis- 

TABLE 1 

KITE OBSERVATIONS 

36 E 
44 29 
39 48 
41 W 
34 21 
45 59 
31 30 
42 26 
24 33 
42 45 
31 47 
43 03 
40 53 
38 53 

95 49 
73 13 

105 00 
Y6 16 
Y2 22 
9s 34 
96 U 
76 34 
81 45 
b4 3Y 
&I 14 
89 18 

!; $ 

. 

. 

I I 

PILOT-BALLOON OBSERVATIONS 

Sept., 1924 
July, 1Y21 
. . . - .do.. .. . 
Sept.. 1Y24 

. . - . .do .._.. 

..__ .do.. ... 

.. . . .do.. ... 
July, 1921 
sept. 1934 
July,' 1921 
Sept.. 1920 
July, 1921 
Sept.. 1934 
...- .do- - ... 

I 

6 
1 
1 
2 
3 
6 
6 
2 
4 
2 
2 
2 
6 
5 

0 
9 
9 

11 
10 
0 
0 
1 
3 
2 
0 
3 
0 

10 

Broken  Arrow, 
Okla--. _____..___ 

Burlington Vt..--. 
Denver, C&o _ _ _ _ _ _  
Drexel, Nebr .__.--- 
Due West S. C--.- 
Ellendale IN. Dak - - 
Groesbeck, Tex--- 
Ithaca, N .  Y __.____ 
Key West, Fla-.--. 
Lansing, hlich-.-.. 
Leesburg an-----. 
Madison,' Wis ..__.. 
Royal Cent.er. Ind.. 
Washington, D. C- -  

Oct., 1918 
Nov. ,  1519 
. . . .do.. _ _  . 
Nov., 1921 
Dec., 1920 
OCt., 1918 
. . . . .do.. .. 
July, 1Y10 
July, lY20 
June, 1919 
vct., 1918 
May, 1U19 
ort., 1918 
Der., lYl8 

235 
132 

1, 620 
396 
217 
442 
139 
291 

11 
263 
EA 

307 
223 
34 

Kite and pilot-balloon observations have been classified 
se arately according to the position of the station with 

LOWS, as shown on the morning weather maps. By 
well pronounced EIIQHS ancl LOWS is meant those pressure 
areas having in general aconcentricsystem of three or more 
isobars and a gradient of a t  least 0.1 inch per 200 miles 
in the region where the isobars are nearest together. It 
is believed that a smaller number of observauons made 

re r erence to the center of well-pronounced HIGHS and 

under u d - p r o n o w x e d  pressure conditio? are, for pur- 
poses of determining outstanding and clistmcdve c,harac- 
teristics of HIGHS and LOWS, superior to a greater num- 
ber that would necessarily include many cases with 
poorly defined pressure distribution. Henc,e only such 
pressure areas were considered as unquegtionably had a 
controlling influence over the station, I. e., the latter 
was situated within the c.oncentric system of isobars 
about the center. Hereafter all references to HIGHS and 
LOWS are to  the wel1-pronou.nced types only. 

Those pressure areas selected were divided into quad- 
rants and the c,enter, designated as follows: I-NE, 
11-NW, I I I S W ,  I V S E  and center. (See fig. 17.) 
By such a division, the first and fourth quadrants im ly, 

quadrants the rear sector of the pressure area. This, of 
course, is true only when the direction of movement of 
the pressure area is toward the east, but  since a westerly 
direction in these regions is so rare this nomenclature, 
it is believe.d, will not lead to confusion in the considera- 
tion of the mean values shown he,re. 

Pilot-balloon observations have been referrecl to ground 
level and kite observations to sea level. I n  the latter 
the ascents only were used, in order to secure a record of 
conditions as nearly simultaneous a3 possible. The 
average time required for the kite t o  reach its maximum 
altitude was about two hours and sime the ordinary 
diurnal rariation during this interval is most pro- 
nounc,ed a t  the surface and diminishes with altitude 
to  about 500 ni., above which i t  is usually very small, 
the observations niay be regarded as practically simul- 
taneous for free-air levels. 

It is evident that the location of a station, with respect 
to the most frequented tracks of HIGHS and LOWS, deter- 
mines to a large extent the quadrants best represented in 
a c,lassification of this kind. Another factor, however, 
is the weather conditions assoc,iated with certain quad- 
rants, some being more favorable than others for mak- 
ing aerologic,al observations. In  order, therefore, that 
a general perspective of the net results in this regard 
may be obtained, Figures 1 to 8 have been prepared. 

In no case has any quadrant be,en considered suffi- 
ciently represented to be included in the charts unless 
five or more observat,ions were obtained within it. 
Owing to  the limited number of obse,rvations, only two 
seasons were used, viz, summer (June, July, August, and 
September) and winter (December, January, February, 
and March). 

It may be questioned whether mean values based on 
so smdl  a number of observations as were here used, 
especial1 for some quadrants, are properly representa- 
tive. A h o u g h  a longer series would very likely alter 
these means to some extent', yet in their present form 
they are certainly significant for comparison since they 
represent the more ronounced pressure types. Further- 
more, the relative P y large number of stations making 
aerological observations affords opportunity to compare 
the results for corresponding quadrants, 
viding a check against an appreciable error w ich 

being used. On the whole, it is believed that these 
averages may be safely accepted qualitatively and, 
except in those cases w h r e  the number of observations 
is comparatively small, in a fairly reliable quantitative 
degree as well. 

in general, the front sector and the second and t f ird 

thereby E'"- 
might occur if the records P rom one station only were 
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- 
FIG. 1 

FIG. 3 

FIG. 2 

4. Pilot Balloons, 
Winter Lows 

FIQ. 4 

FIGS. I-B.-Number of observations in various quadrants and the center of well pronounced HIGHS and LOWS In summer and winter, on which are based the mean valuas shown 
In subsequent graphs and tahles. (A indicates less than five observations; their means, therefore, are not included.) (For Wgs. 6 8 ,  see opposite page.) 
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The practicability of securing these observations, due 
to the seasonal variation in the tracks of HIGHS and LOWS, 
may be noted in the large number of pilot-balloon ob- 
servations at, Key West for the fourth quadrant of HIGHS 
durin winter as compared with none for the same quad- 
rant f uring summer. (See figs. 1 and 3.) The failure to 
secure either kite or pilot-balloon observations a t  any 
station within the first or second quadrant of LOWS owing 
to unfavorable weather conditions in that secbor is well 
brought out in Figures 3, 4, 7, and S. 

Mean wind velocities and directions as determined from 
both kite and pilot-balloon observations separately have 
been included for the following reasons: 

1. Since all of these observations were made under 
special weather conditions, any inherent characteristics 
of either method will therefore be niore conspicuous than 
if made under a variety of pressure types. 

2. The kite observations outnumber the balloon obser- 
vations in certain quadrant’s, but the latter estend in 
general to great,er heights. 

Lansing. Mich. Leesburg. Go. Madison. Wis Rwil Center. Ind. Washington. D.C. 

FIG. %--Mean wind velocities (m. p. s.) 8s determined from pilot-balloon observations in various quadrants of well-pronounced HIGHS during summer 
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2 6 /O 
Broken A r m ,  Dmrd, Nsbr. Due West 

Okla. s c. 
Ellendale. N.D. Grocsbech. Tar. Laelburg. Ga. Royal Center. Ind. 

FIG. IO.--hfeim wind velocities (m. p. 6 . )  from kite ohservat.ions in summer HIGHS 

In  view of the gradual decrease with altitude in the 3. Certain quadrants a t  some of t,he stations are 
number of observations it is necessary in c.omputing aver- represented by kite observahions only, other quadrants 
ages for the upper levels to add the mean gradients by balloon observations alone. By liavin both sets in 
between successive levels to the mean for the surface. these cases, all possible quadrants are incfuded. 

It is believed that da.ta of this nature are most acl- 
vantageously analyzed when viewed graphicallv. Nurner- WIND VELOCITY 

OUs graphs are therefore reProdUce,d and tables omitted 
or condensed so far a? pract,icable. 

1 The general terms, “lower” and “upper” levels of HIGHS and LOWS are frequently 

arbitrary it refers, in general, to an dtitude betweea 1 and 2 km. 

. The mean wind velocities det,erniined frorn pilot-balloon 
and kite observations in various quadrants of HIGHS and 
LOWS for sunnier and winter are shown in Figures 9 to 16, 
inclusive. used throughout this paper and although the dividing level between t b s g  two regions is 
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b y  Worf Fla. Lanrmg. Mlch. Lecsburg. Ga. Madison. W.s Royal Center. Ind. Washington, D.C. 

FIG. 11.-Mean wind velocities (m. p. s.) from pil?t-hnlloon ohservstions in winter HIGHS 

Groerbeck. Tcr. Leesburg. Qa. Royal Ccnler. Ind. Broken Arrow. OkIa. Dmxel. Neb,. Due WesL S.C. Ellendale. N.O. 

FIG. 12.-Mean wind velocities (m. p. s.l from kite observations in winter HIGHS 

--.-.- 3 d  quadrant ........ 4th quadrant 

2 6 10 M 18 6 IO 14 I8 22 26 - -  
Broken Arrow. DmrcL Ncbr. Ellondale. N.D. Royal Center. Ind. 

Okl. 
FIG. ll.-Alenn wind velocities (m. p. s.) from kite observations in summer Lows 
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The general agreement between the mean velocities 
determined separately from ilot-balloon and kite obser- 

HIGH$ the kite observations indicate generally slightly 
greater values for the lower levels and slightly lesser 
valties for the upper. The first relationship is esplained 
by the fact  that  in HIGHS, the lower winds are fre uently 

vations is very close. It ~ 1 1  .F be seen however that in 

too light 4 or kite 
flyin& the sec- 
ond is evidently 
clue to the, abrupt 
shifts in wind cli- 
re.c.tion oc.curring 
with amarlied de- 
c.rease in veloc.ity 
at their bound- 
aries,whic.h often 
make i t  inipos- 
sible for the kites 
to rise into the 
swifter currents 

ditions a,re fre- 
quently shown 
h pilot-b* ‘3 11 oon 
o c se,rvations to 
occur in the 
upper levels of 
HIGHS. Another 
factor, however, 
is that  the kites 
are often h a t e n  
clown by high 
winds aloft. 

This relatiog 
ship between the 
two methods of 
observation is 
evidently not tlie 
same in LOWS, 
there being. no 
consistent cliff cr- 
ence in their 
lower levels. In 
the upper le,vels 
the pilot-balloon 
observ at ions in- 
tlicate generally 
higher values? 
the cliff ermces, 
houre.ver, being 
snialler than in 
the case of HIGHS.  
The first rela- 
tionshi 1 is es- 
plained by the 
act that  in the 

lomer leve,ls of 
LOWS there clo 
not oc,cur the 
frequent ligli t 
winds which pre- 
vent kite flights 
as is tlie case in 
HIGHS; as to the 
second relation- 
ship, it seems 
that abru t shifts 

above. Sllch con- 

in wind R lrection 

are less pronounced in LOWS than 
in HIGHS, a t  least in those quad- 
rants most favorable for aero- 
logical observations, and there- 
fore the altitudes reached by the 
kites are not so often limited by 
this cause. 

The seasonal differences he- 
tween the mean wind velocities 
in HIGHS and in LOWS clearly incli- 
pate higher values in winter than 
in summer. the dif€erences being 
considerably greater in the upper 
than in the lomer levels of both 
pressure systenis. 

The mean wind velocities are 
shown to be greater in LOWS 
than for the same levels and 
seasons in adjacent sectorsa of 

For the lower levels of HIGHS 
the sec ucnce in which the quad- 
rants {all in pasing from the 
quadrant of mininiurn velocity 
to that of nirtsiniuin, varies con- 
siderably at clifierent stations. 
An exception, however, occurs in 
the case of the curves represent- 
ing the ce7itc.r of HIQHS, which 
consistently indicate for  the 
lower levels a t  all stations, a 7010er 
mean wincl velocity than is found 
for any quadrant. The inean 
velocity for the up er levels of 

ever, closely approaches the mean 
d u e s  for the same levels of those 
quatlrants of HIGHS containing 
the highestvelocities. This might 
well be esprcted, since the neces- 
sarily light winds, at  and near the 
surface, characteristic of the cen- 
tral region of HIGHS woultl dis- 
appear in the up icr levels where 
a niitrketfly di B erent pressure 
distribution usu ally p e v  ails. 

The rapid iiicrrnsc in the mean 
wind vclocity with increase in 
litight through the fwst  few 
huntlretl mtltrrs above ground in 
HIGHS niitl in LOWS is n result of 
the dlliiinjsliing effect of friction 
nncl turhulencc. The rate of in- 
crrasi’ throughout this pound 
stratum, in most cases, grcafZy 
c.rccuds that .for ( I I I ! ~  of the hiyhar 
sfrcrta. It is grwter in LOWS 
than in HIGHS for the ssme 
season ant1 greater in winter 
than in summer in both HIGHS 
nnd LOWS. 

1mniedi:ttcly above this 
g r ~ u n d  lnyer, which on the 

HIGHS.  

the central region o P HIGHS, how- 

2 The term “adjacent. sectors” is used here to 
designate those rpgions of HIOHS and LONS wherein 
the smie general wind direction in their lower 
levels is indicated. i .  e . ,  the front sector of HIGHS 
arid the rear sect.or 01 L D w s .  wherein, this direc- 
tion is northerly and, the rear sector of HIGHS and 
the front sector of LOWS wherein, this direction 
1s southerly. 

(4) pmm w e  WIW 
FIG. 15.-Mean wind vdocftfea (m. 

p s ) from ilot-belloon observa- 
tions m W i I l L U W B  
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Dloxcl. Nsbr. ' Ellandale. N.D. Grocrbcck. Tex. 

Fu;. l(:.-Mem wind velocitir.: iru. p. 8.) from kite ohservotinns in minter L O ~ S  

average is ahout 500 in. thick, there will bc noted :% 

stratum of varying thickness in which occiirs n niorr or 
less abrupt decrecisa in the mean \vim1 relocity. This 
decrease is most pronounced in tht. second antl thirtl 

of LOWS, i .  e., where the change in the nwnn wind (lirrc- 
tion with altitude is greatest. (SLY figs. 1s to 2 5 . )  
From this it is evident that  abrupt changes in wind 
direction with altitude douhtlvss hixre tin importnnt 
bearing on the nveragtl drcrrnse rcferretl to nliorr. 
That they are not n-holly the c:twe, hon~evc~r, is drmm- 
strated by the fact that  in indivitlunl o1~scrv:ttionu such 
an abrupt decrease in relocity frtyucntly occurs iu(lc- 
pendently of any c l ian~e  in wind tlirtbction. Tlik t!c crtww 
is much more in evixence in tlir morning than in th+ 
afternoon, the effect of convection twtling to tlcsstrop 
any such stratification in tlir lower ntiiinsplicArc. Tliis 
characteristic decrease in tlir wintl velocity with nlti- 
tude is found alike a t  northern and southcrn stthoiis 
and must, in  general, hc attributed to mnrkrtl c l m i g ~ ~ s  in 
the horizontal pressure gritclient u i th  hpight. I t  is well 
lrnown that the sen-levc4 prcbssure distribution ma)- IN 
considerably different from that, prtmiiling n t  rnrious 
heights above, and therefore tlie frecjumcy with which 
this djff erence occurs niust influence the iiienn ~-nlue.; to 
the estent shonm by the velocity curvts. Thc fact thnt 
this clecrmrc is more pronounced in certain sectors of 
HIGHS find LOWS thsn in otlicw is doubtless r1ur t u  the 
larger antl more frequent abrupt shifts iii wind dircctiun 
characteristic of  those sectors. 

The close convergence of the curves nt tlirhir bottom 
stands in marked coiitriiSt to  the d i r e rpnw : i t  the top. 
The fornicr strikingly revcds the almost inconrrcliii~:iti:%l 
diflerences between tlic i i iw~n  velocities €nr t!ir varioiis 
quadrants near the grou~icl, v 1ieri.n~ tlic likttcr i.; p t r t l y  
actual arid partly n result of t l i ~  fact thnt the t.stri~rnv 
renge in wind relocity is wnsid(mb1y grc.utt.r in tlw u p p r  
levels'thnn in the lower and therefore n grentrr i i u r i i l ) ( ~  
of observations nre required to  determine the frrro iiiwfi 
for the higher levels. 

The littitudinal differences in the nitmi wind rt-locitiw 
in both HIGHS and LOWS nre consirlc~rablp g.eatc\r for tlicir 
upper than for their lower levels in both wt~ons .  

The wind Telocitics in the upper lercls of HIGHS nvcr:ig:c~ 
higher in their fist nncl fourth quixdmnts than in thrir 
second and third, whereas in the upper levels of LOWS 
they are higher in the third nncl fourth quxlritiits t h m  
in the fist and second. This relationship is to  be 
expected since it is well lmown thnt tlie arcrrtge change in 
the direction of the pressurr grnclicnt with increiise in 
elevation (as inclicntetl by the arerngr wind clirections) 
is considerably Zess in tlie f i s t  antl fourth q u d r m t s  of 
HIGHS and in the third nnd fourth clunclrants of LOWS 
than in the seconcl :m(1 thirtl qiin~linnts of HIGHS nntl in 
the first and second cluadrmts uf LOWS. 

The relationship between HIGHS and LOWS, in this 
connection, is shown grnp1iic::ll;s- in Figurc 17, whew i t  
may be seen that agreement occurs a t  but two uf thc 

quadrants of HIGHS ttnd in the first :ind secoiicl c1u.i L 1 1 1xnts 

Royal Center, Ind. 

four p i n t s  of t8nngency, viz, in the fist quttdrant of 
HIGHS ant1 third clmidrfint of LOWS, where relatively 
::trong winds are prevnlwt in both pressure systems, and 
again, in the third qiia(1rnnt of HIGHS and f i s t  quadrant 
of LOWS. where the winds are corrwpon(ling1y light. 

H i G H  ___) 

Fir;. I;.-.\ gr~phiral  cornpxisou of the  relntionship between the mean win4 reloci- 
t.ies nhove the gradieut wind level for adjaceiit gu3dmnts of well pronolined EIGHJ 
and LOWS 

Dr. Albert Pcppler (I) has compiled the inem wind 
velocities and gradients for the various c~uadrasts of 
HIGHS and LOWS as obtained from kite observations 
made a t  Lindenburg, lat. N. 65' 10'; long. E. 14" 15', 
from 1003 to 190s. 9 comparison of these results was 
made with those given in this paper. The number of 
observations used by Peppler was considerably greater 
than that used liere, but  it niust be remembered that 
the German data do not strictly represent what have 
here been called i/;e;lZ-pronounccd HIGHS and LOWS but  
rntlicr tlie more c'onimon but less pronounced types chm- 
acteristic of the middle latitudes. Moreover, Pep ler 
met1 the I ) I E ~ ~ S  of the ascents and descents of the E -'te 
fights whereas here, only the ascents have been used. 
-4 close parallelism between the two sets of data is 

further niatle improbable owing to the fact that  in the 
German stucly the pressure areas were divided into N., 
W., S., and E. quadrants while in this stucly the NE., 
NW., SW.., and YE. quadrants were used. It would 
seem that in general with the former division the trajec- 
tories of the air c.urrc.nts woulcl show greater diversity in 
the individual quaclrants than with the latter. 
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Notwithstanding these differences in method the pri- 
mary distinguishing characteristics of HIGHS and LOWS 
by quadrants and seasons were approximately the same 
for both countries. 

The mean wind velocities of HIGHS and LOWS a t  Lin- 
denburg were less than for all but the southernmost sta- 
tions in this country. 

The pronounced decrease in the mean wind velocities 
occurring just above the ground stratum a t  the stations 
in this country is practically absent in the German data 

Mean wind directions are determined independently 
of velocity and therefore do not necessarily bear a re- 
lationship to the mean values of the latter. Moreover, 
it  is not feasible in determinin mean wind directions to 

more numerous ones of the lower levels as is customarily 
done in the case of the scalar quantities, via, wind 
velocity, temperature, etc. I t  is evident therefore that 
a greater number of observations is necessary for de- 
termining reliable mean wind directions than for obtain- 

weight the observations of t $. e higher levels by the 

E S W N  N E  E S W O N €  
Dreicl. Nebr. Due West S.C. Ellcndals. N.D. 

E 
S W N N E  

FIG. 19.-Mean wind directions from kite obserrstions in summer EKEIS 

€ S W N  
Dnxel, Nabr. 

E J W N  
Rw W M t  S.C. 

€ S W N  
Ellendale. NO.  

€ 5 W N  
Groarbsck. Te& I 

FIG. 21.-Mean wind directions from kite observations in winter HIGHS 
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E S W S W N S W  
Bmkm Arrow. Budinaton. VL Droaol. Nabr. Elhsndate. N.D. Ilh-, N.Y.Lansiw Madrm. Wis. Royal Center. Washinatom 

Okh. Mach. Id. D.C 

FIG. Z.-Mean wind directions from pilot-balloon observations in summer LOWS 

wherein only a falling off or retardation in the rate of 
increase with elevation a t  these levels occurs. 

Peppler calls attention to the fact that  the vertical 
wind gradients of the various quadrants clearly demon- 
strate the unsymmetrical structure of HIGHS and LOWS. 
This is likewise well brought out in the present paper in 
the graphs for winds as well as for the other elements. 

ing mean wind velocities. The values here given how- 
ever are believed reliable for the most part except in 
some cases at the higher levels where occasionally marked 
irregularities in the direction graphs occur. 

I t  is found that there is a generally greaker divergence 
at the u per ends of the wind dlrection curves re re- 
senting Rite observations than at the corresponaing 
levels of those representing pilot balloon observations. 
This is due to the fact that  when the wind makes an 
abrupt shift the balloon imedia te ly  adjusts itself to 

The mean wind direction determined from pilot- the new direction, whereas more time is required for 
the kite and, in fact, the latter is frequently unable to 
rise into the upper current. We conclude,. therefore, 
that  the mean wind directions indicated by pdot-balloon 

WIND DIRECTION 

balloon and kite observations in various quadrants- of 
HIGHS and LOWS for summer and winter are shown in 
figures 18 to 25, inclusive. 

S W N  
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observations are more truly representative than are 
those obtained wibh kites. 

The ground stratum in HIGHS and LOWS, i. e., the first 
few hundred meters wherein a ~narkecl increase in the 
mean wind velocity was noted, is found to contain it 
pronounced veering of the wind with altitude. This 
shift with elevation is greatest in those quadrnnts con- 

S #%' N S W S W N  

ij 8 4  

! 3  : 

:2 - 
s / :. 

€ S W  
Broken Arrow. Drsxel. Nebr. Ellendale, Rayal Center, 

Okle. N.D. Ind. 
FIG. ?3.--hIt'an wino1 direct.ions from kite ol~:crv.irtions 

in siimuier LOW$ 

taining soubherlg winds, i. e., in t,he rear sector of HIGHS 
and front sector of LOWS. This is in itgreement witah 
results obtained by W. R. Gregg (,2) when the avernge 
turning o.f t,he .Lt.ind with altitude w i s  clet,ermined for 
ewh surface wind directiou. &egg shows t,lint t'lie 
veering in t,liis ground s t,ratum is consicleral-)l y 1110re 
pronounced wit,li soubherly winds t,lia.n mit,h northerly. 

There is prttc&tilly no diflerence between HIGHS ilnd 
LOWS in regard to bhe degree of this wind shift tlrough- 
out the ground straturn. 

The front sector of HIGHS is found to be t,lie. region of 
least change in wind direction wibli elevttt,ion. A nenrly 
constant mean clirect,iont estrnding froin a short clistnnce 
above ground to the highest alt,itucles inclicat,etl, is found 
in t,his sector at practically all st a t '  ions. 

The third quadrant of HIGHS contains the iiinsiiiium 
shift in t,he niean wind direction mit'h dtitucle, changing 

ponent, while the second quadrant has an equally pro- 
nounced north component to this height. (See fig. 25.) 

It is evident that a coininoii mean wind direction, con- 
taining a large west conipoiient, obtains in the upper 
levels of the third and fourth quadrants of LOWS com- 
nieiicing a t  a height varying a t  the different stations from 
2 to 3 h i .  in winter and from 3 to 5 kin. in summer. At 
the northern stations this mean direction is slight1 north 

coin oiient is evident. 

practically southwebt and nierges a t  about 4 kni. with 
that for the third and fourth quatlrants. "his south- 

of west, whereas, a t  the southern stations, a sma 8 south 

T i e  f inem wind direction for the center of LOWS is 

s w  
Broken Arrow. 

Okla. 

E S W N E  
Orerel, N e b  

S W N S W E S Y  
Ellendsb. N 0. Gmesheck. Royal Center. Ind. 

Tax. 

FIG. 36.--RIem wind diirctions horn kite ohseryations in winter LOWS 

westerly current over the ceiiter of LOWS, as they appear 
c t f  f h r  surfitw, is eritlently related to the frequent west- 
wnrtl displ:iceniento of their centers aloft, whereas the 
nortliwes terly current over the centers of HIGHS is like- 
wi+e asqociatecl with a siiuilnr clisplacement of their 
celltcrs itloft. Thus it is rnt>lier strikingly shown that 
aboi'c the warin sectors of both HIGHS and LOWS, as the 
upprur ut th r  surfhce, the pressure is relative1 hi h 
while above their colt1 sectors it is relatively low, t i %  iere y 
piylucing gradients aloft in accordance with the mean 
win(1 directions found. 

5 W N 5 H' 
Broken Arrow, Burl8ngIOn. VL Denver. Ellendele. N.D. Ilhaca. N Y Lansing. Madlson. Royal Center. Warhmpton. 

Okla. COIO. Mich. Wir. Ind. D C. 

Fio. 24.-hIean wind directions Ircm pilot-bdloon ohserviitious in winter LOW Y 

5 IY N 

from a pronounced southerly to an equally ai:vked 
northerly direction at practically all stations. The 
mean height of this shift is found, in general, to riiry 
inversely with latitude, being highest itt Key West, but 
at  all stations it is lower in winter than in s~uuiiier. At 
some of the stations this trmsition is indicated in the 
means by an abrupt shift while at  others i t  is more or 
less gradual. 

The mean wind directions in m c ; m  nt Ellendale, the 
northernmost station, are practically the same ahoue 3 
km., for all quadrants including the central region. 111 
general, a common mean wind direction in all qunrlr,znt\ 
of HIGHS a t  any station is reached a t  succes4vely greater 
heights from northern to southern stations. 

Free air data for the first and second quatlrants of LC)V;S 
are comparatively meager, but froin those avnilnldr it i\ 
evident that a marked difference in the mean wind tlirec- 
tion between these two quadrants persists to a t  least 4 
km. The first quailrant maintains a large south coni- 

The 1iie;i11 verticil1 tcbmpera ture cliqtribution for various 
c(u:itlr:ints of HIGW ant1 J,OWS for suiiiiner ant1 winter 
: i r ~  Jiow.11 iu Figures 36 t o  29, inclu4ve. 

As might be cspected in R classifies tion of well-pro- 
n o u n c 4  pressure i~reas there occur marlied differences in 
chnr;irteristic*s between tlie average lapse rrtte curves, 
pnrticulnrlp between those representing HIGHS as com- 
mred with LOWS. Differences between the respective 
Eront and rear sectors of each rwsure system as well as 

erul these tliflerences are niore pronounced a t  the north- 
ern stations than at  the southern, :ilthou& certain varia- 
tions occur in the curves for incliritlua~ stations The 
nuiiieroiis details presented in the various graphs and 
tables prohihit reference to :ill in this discussion. 

The pr inr ipl  chnrncteristirs of tlie average lapse rate 
curves m e  probably best nscert ained by comparing these 

miirked seasonal diversities are f ilrewise evident. In  gen- 
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for adjacent sectors of both pressure systems, i. e., the A com arison of the average posi t ive  lapse rate charac- 
front sector of FIIGHS with the rear sector of LOWS, nncl 
vice versa. In  this way the wind streams (in the lower and rear sector of LOWS with the average ne!/ative lapse 
levels) are of the same general direction, viz, northerly rate found in the lower stratum of the front sector of 
in the one case and southerly in the other. LOWS and rear sector of HIGHS strikingly brings out 

teristic o P the ground stratum in the front sector of HIGHS 

lnlun krm. O m  Drard. Nsbr Duo WILL SC. Ellondale. N.D. 

FIG. 26.-hIean temperatures, 'C., for various heights ns detrrmined from kite observations in various quad- 
rants of well-pronounced B I ~ ~ H S  during summer 

There will be noted in t.he curves re resenting t,he 

ularly for winter, t,hree distinct, st,rata, viz, a ground 
layer estending upward a few hundred meters which 
contains a conspicuous decrense in the mean temper. A t ure. 
wit'h altitude; tin 'I average inversion layer " superim- 

front sector of HIGHS and t,he rear sector o ! LOWS, partic- 

BloLih A r m  &I.. D n 4  Dw W..L SC. Ell.ndaIe. N.D. Gm-%bmk l e i  k s b u q .  R O O  Cantnr. Ind 
Nab,. GI 

FIG. 27.-Mean temperatures, O C . .  from kite ohservations in winter HIGHS 

posed upon the ground stratum, extending upward for 
several hundred mete.rs, and above this, a steady decrease 
in the mean temperat8ure with elevation t o  the upper 
limits of observation. 

The chief characteristics indicated by t,he curves 
representing the rear sect.or of HIGHS and hhe front 

6-n *rrm. Our D l o u b  N4r. UImdU.. N.O. A w i l  bar. Ind 

FIG. 28-hfean temperatures, ' C . ,  from kite observations in Summer LOWS 

sector of LOWS (i. e., the regions containing southerly 
winds in their lower levels) are an average inversion layer 
exte.ndinu from the ound to several hundred Dieters 

decrease in t,he mean temperature with height which 
continues to the upper limits of observation. 

above, falowing whic T 1 there occurs a relatively marked 

8 The term "average inversion layer" ns here used must not be construed ns occes- 
sarily meaning the average of a series o f  observations. al l  of which indicated inversions. 
but, instead, the net result of a series which indicated both invcrsions and nooinvcrsions. 
It has been Suggested by Dr. B. M. Varney that the term "statistical" might uppro- 
priately be used to designate any such results as the lapse rates here considered, in which 
the observations are combined to form an "inversion," which IS such, because in the 
statistical result the inversions outweigh the noninversions. The statistical inversion 
is thus the same sort of useful flction as the "statistical cvclone" which British meteor- ~"~ ~ ~ 

~~ ~ .~ .  ~ ~~ ~ .~ ~ ~ 

ologists have recently employed to designate such cyclones as,, for instance, the iielaud 
LOW. which appears on OUT annual charts in the guise of reallty because the traveling 
low pressure arras which pass through that region considerably outweigh in frequency 
or intensity or both the high pressure areas. 

the intimate connection between the average vertical 
temperature grndients and the wind directions found in 
these respective regions. In  R study of free air tempera- 
tures in relation to wind direction (without reference to 
pressure distribution) W. R. Gregg, (3 )  showed that the 
nrernge hpse  rate throughout the first 500 m., is greatest 
with 1~01'1?iP1'7!/  wincls and least with solrther7?l. Discussing 
the c:tuse of this relationship he states: 

S~i i ther ly  wiiicls are, of course, cooled at the \urface as they 
1110re tu higher la t i tde , ;  this cooliiig produces a atnble condition 
of the air a i d  therefore does n u t  extend t u  the iipper levels. North- 
rilv niiicls, 011 the  otlier hand, are wnrmcAd at tlie siirface in  their 
I J n ) @ Y +  ton-arc1 lo\\ er latitudes, mid this warming does estoiid to  
tlir iipper levels, in diminished degree, of cuiirw, since it teiids to IL 
condition of instsbility and therefore convectional activity sets in 

+9' 0' .?J' 20. 
DrUot Nab,. nlondll.. N D. GIOISIOLI. Ti. Royal Canter. In4 Blolan Arrow. O L l i  

FIG. 29-hIean temperatures, O C . ,  from kite Observations in winter LOWS 

In  the present examination of data (for well-marked 
pressure distributions) we find an intensificntion of these 
vert,ical temperature gradie.nt,s. In  the front sector of 
HIGHS and rear sector of LOWS there a.cpordinglp occur, 
est,ending directly off the ground, a osztwe avera e lapse 
rate caused by t,he northe.rly winds %e.ing warmef a t  t,he 
surface, while in the front sector of LOWS and rear sector 
of HIGHS a ne!ptive nve,rnge lapse rate is found caused by 
t,he sout,herly winds being cooled a t  t,he surface. (See 
figs. 37 and 29.) 

Furthermore, a pronounced latitudinal effect is evident 
in t,he increasing thickness of this ground st,ratun for 
winter HIGHS, ranging from about 300 ;ra. a t  Ellendale, 
t,o about 900 pi. a t  Lee,sburg. 

The average inversion layer found su eriplposed upon 

phenomenon usually nssociat,ed with pronounced hi h- 

Eigh degree of stability occurring un&r these conditions. 
It is frequently found that t,he wind direction indicates 
an n.pprecittbly di erent trajectoryof the air in taliis stratum 

The average vertical tempernture gmdien ts in HIGHS 
and LOWS for summer and winter are shown in Tables 
2 to 5, inclusive. 

this ground stratum, in t'he case of nort, P lerly winds, IS a 

ressure areas part,iculnrly in winter and is evidence of t 5 l  e 

n.s conipared to t f mt  of the relatively colder air beneat,h. 
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TABLE 2.-Mean vertical temperature gradients, “ C . ,  per 100 m . ,  i n  various quadrants of well-pronounced “highs” during summer 

Height (m.) M. 6. L. 

6,500-7,000 .......................... 
e,ooo-8,soo ........................... 
5,5o(w,000 ........................... 
5,aHJ-5,500 ........................... 
4 , m , 0 0 0  ........................... 
4,oo(w,500 ........................... 
3,m-4,000 ........................... 
3.000-3,500--.. ................ 
2,m-3,  ooo.... ................ 
2,M0-2,500_____ ............... 
1,w2,000 .................... 
1,250-1,500 .................... 
1,M0-1,250 .................... 
750-1,oOO. .................... 
MlO-750 ....................... 
250-500 ....................... 
surface250 - -____- -  - -_  _ _ _ - - - - _  

_. 

V Q.  
- 

0.70 
0.70 
0.40 
0.40 
0.30 
0.23 
0.20 
0.40 
0.40 
0. Bo 
1.00 
1.20 

I1 Q .  

0.48 
0.58 
0.46 
0.60 
0.60 
0.52 
0.52 
0.56 
0.80 
0.59 

111 Q. :V Q. 

0.58 
0. w 
0. G l i  
0.54 
0.48 
0.50 
0. 50 
0.44 
0.43 
0.48 

0.44 
0.24 
0.00 

0.44 

.._.._ 

Centci 
__- 
............. 
............. 

....... 

....... 

....... 

....... 
0.28 
0.24 
0.44 
0.44 
0. 2s 
0.48 

0.0% 
-0.20 
-2.02 

0. 6s 

_ _ _  

.V Q. 

0.70 
0. fi8 
0.78 
O.tl6 
0. 58 
0.44 
0.44 
0.32 
0.53 
0.24 
0.61 

I Q. I IQ.  

............ 0.46 
............. 0.44 
............. 0.44 
............. 0.44 
............. 0.56 

0.4s 0.58 
0. 32 0. 52 
0.36 0.52 
0. 68 0.50 
0.72 0.44 
0.44 0.44 
0. €A 0.44 
0. i 2  0.44 
0.56 0. 12 
0.13 -0.60 

-0.93 -0.72 
............. 

__-__ 
I IQ.  IVQ.  I Q .  ILQ. 
--____ 
.......................... 
.......................... 
.......................... 
......................... 

. 

............... 
............... 
.............. 
.............. 
.............. 
....... 0.80 
_ _ _ _ _ _ -  0.60 
_ _ _ _ _ _ -  0.50 
-0.W 0.48 

0.34 0.52 
0.60 0.48 
0.60 0.48 
0.64 0.44 

-0.28 0.44 
-0.15 0.36 
_____.- 0.37 

I1 Q .  

....... 
0. 62 
0. 52 
0. 52 
0.36 

-0.10 
-0.20 
-0.48 
-0.80 
-2.08 
-2.14 

111 Q. 
____ 
.............. 
.............. 
.............. 

0.66 
0.56 
0. 66 
0.32 
0.06 

-0.34 
-0.56 
-0.80 
-1.04 
-0. G1 
-0.54 

.............. 

111 Q. 
~~ 

0.46 
0.56 
0. 54 
0.24 
0.03 
0.26 
0.24 

-0.13 
0. M 
0. 16 

-0.0s 
0.00 

IV Q .  

.............. 

.............. 

............. 
....... 
....... 

0.38 
0.48 
0. 54 
0.34 
0.12 
0.16 
0. 2-1 
0.20 

-0.04 
-0.30 

111 Q .  

0.68 
0.56 
0.66 
0.46 
0.34 
0.34 
0.24 
0.00 

-0.36 
-1.04 
-0.88 
-0.04 
0.19 

............... 

IV Q. 
-~ 
.............. 

....... 

....... 
0. 6S 
0.60 
0.44 
0.40 
0. 26 

-0.14 
-0.44 
-0 . i2  
-0.36 

0. 36 
0. 58 

0.48 
0.46 
0. 22 
0.20 
0.24 
0.12 
0.08 

-0.12 
-0.28 
-0.46 

0.33 
0.24 
0. 14 
0.06 
0.08 

-0.08 
-0.24 
-0.24 
0.28 
0.46 

IIIQ. IVQ.  
__- 
............... 
............... 

[ I I Q .  I V Q .  
--- 

M)00-5500 ............................................................................................................. 
4Em-50m ............................................................................................................. 
4€m4500 .................................................................................... 0.68 
35W4000 0.66 
3000-3500 .................................................................................... 0.64 
a500-3000 .................................................................................... 0.64 
2000-2500 .................................................................................... 0.60 
1W2ooo. ................................................................................... 0.62 
12AO-1500 .................................................................................... 0.20 
1M0-1250 .................................................................................... 0.00 
750-1000 ..................................................................................... 0.24 

.................................................................................... 
............... 
........ 0.82 

0.68 0.60 
0.76 0.60 
0.62 0.60 
0.46 0.36 
0.56 0.44 
0.40 0.40 
0.18 0.16 

J00-7M ...................................................................................... 0.36 -0.32 
2SO-500 ...................................................................................... 0.38 -0.19 
Surfam-260 .................................................................................. 0.58 ............... 

0.48 
0.38 

........ 
0. 76 
0.80 
0.64 
0.70 
0.78 
0.72 
0. 50 
0.36 
0.32 
0.08 

-0.28 
0.29 

0.42 
0.48 
0. 56 
0. 66 
0.72 
0.72 
0. 68 
0. 52 
0.48 
0.40 
0. 28 

-0. 23 
-0.58 

0.66 
0. 56 
0.52 
0.40 
0.48 
0.00 

-0.18 

0.80 
0. 56 
0.32 

-0.16 
-0.40 
-0.48 
-0.38 

0.3i 
0.40 
0. Bo 
0. 56 
0.56 
0.76 
0.80 

0.58 
0. Bo 
0.66 
0.40 
0.36 
0.52 
0.40 

LV Q, 111 Q. 
- 
_.___. 
._.__. 
....... 
.____- 
.__._. 
._.._. 
.__._- 
0.5ti 
0.3s 
0.34 
0.3s 
0.24 
0.24 
0.16 

-0.16 
-0.72 
. - - - - - - 

_._.. 
.__-. 
..--. 
. -.. 
0. u 
1.00 
0.58 
0.50 
0.46 
0. so 
0. 40 
0.36 
0.20 
0.16 

-0.20 
-0.19 

..... 
__._. 
.__._ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  
0.60 
0.38 
0. 48 
0.60 
0.56 
0.64 
0.30 
0.60 
0.76 
1.15 

...... 

...... 
__._. 
0.40 
0.44 
0.24 
0.62 
0.60 
0.46 
0.34 
0.28 
0.28 
0.40 
0.44 
0.36 
0.00 

-0.09 

0. S I  
0.56 
0.48 
0.44 
0.48 
0.72 
0.48 
0.48 
0.42 
0.36 
0. 41 
0.28 
0. 00 
0. 18 

-1 I l- ’ I  I Lees- 
burg. 
(ta. 
- 

Drexel. Nehr. i Broken Arrow, Okla. Oroesheck, 1 Ter. Vest, Ellendale, N.  Dak. 
3. c. Royal Center, Ind. 

TABLE 3.--Mean vertical temperature gradients, “C., per 100 vi., i n  oarioils quadrants of well-pronounced “highs” during winter 

Height (m.) M. 6.  L. 1111 Q. IV Q. IV Q .  111 Q. ~ IV Q. IV Q .  
__ 
...... 
....... 
...... 
...... 
...... 

0.56 
0. 48 
0.44 

-0.18 
-0.68 
-1.00 
0.09 
0.36 
0. 64 
0. 79 
- 
Lees- 

a s .  
b u g ,  

- 

I Q .  I1 Q .  
I 

111 Q .  IV Q I -  
................ 
................ 
................ 
--- ................ 

...... 

...... 

...... 
0.2s 
0.50 
0.34 
0.18 
0. 1s 

-0.08 
-0. ?A 
-0.36 
-0.32 

0. 16 
0.18 

-__.__ 

........ 

........ 

........ 

........ 
0. 52 
0.42 
0.28 
0.18 

-0. M 
-0.12 
0. 16 
0. 12 
0.28 
0.52 
0.80 

....... 

....... 

....... 

....... 
0.24 
0. 52 
0.28 

0.08 
0.16 
0.04 

-0.36 
-0.36 
0.00 
0.00 

0. 28 

__.___ 
._____ 
..--.. 
0.40 
0.06 

-0.12 
-0. %4 
-0. M 
-0.36 
0.38 
0. a4 
0.59 

...... 
2- ................................... 0.26 
2W-2500 ................................... 0.26 
1W2ooo. .................................. 0.18 
1260-1500. .................................. -0. M 
1ooo-1260 ................................... -0.25 
750-1000 .................................... i -0.28 
m-7M ..................................... -0.12 
w)-500 ..................................... 0.20 
suriace-m ............................... 0.58 

0.64 
0.82 
0.80 

l- 
Broken Arrow, 

Okla. Drexel, Nehr. Due West, S. C Ellendale, N. Dak. Royal Center, Ind. Oroesbeck, Tex 

TABLE 4.-Mean vertieal temperature gradients, “ C . ,  per 100 ni., i n  oarioias qcccldrants of well-proiiounced “lours” during suinmer 

Height (m.) M. 8. L. 1 I V Q .  1 I Q .  1111Q. IV Q. Center 
__-__ 

Center 

__..__ 
...... 
...... 

0.80 
0.88 
0.88 
0.88 
0.60 
0.36 
0. 52 

-0.68 
-0.64 
-0.71 _ _ _ _ _ _  
__ 

............... 

............... 

............... ___._._I ........ 
0.40 ........ 
0.58 I 0.82 
0.60 0.82 

........I ....... _ _ _ _ _ _ . I  ........ 

Royal Center, 
Jnd. Ellendale, N. Dak. Arrow, Drcxel, Nehr. 

TABLE 5.-Mean vertical temperature gradients, “C., p e r  100 in. ,  i n  various quadrants of well-pronounced L ‘ l o ~ ( ~ s ’ ’  during winter 
~ ~ ~ 

Heights (m.) M. 6. L. 111 Q. 

4 . m . 5 0 0  .................................................. l- 1114. I V Q .  I Q .  111Q. I V Q .  
--- 
....................... 
0.74 ................ 

0.50 
0.62 
0. 64 
0.56 
0.66 
0. 56 
0.48 

-0.12 
-0.80 
-1.24 
-1.07 

- - - - - - - 

........................ 
0.90 ................ 
0.7s ........ 0.74 
0.82 0.50 0.64 
0.48 0.40 0. 52 
0.36 -0.52 0.28 
0.28 -0.48 0.36 

-0. M 0.00 0.48 
0. 28 0.20 -0.04 
0. 16 0. 12 0.00 
0.m 0.54 0.00 

........................ 

....... 

....... 
-. . - -. - 
....... 

0.84 
0.60 
0.32 

-0.12 
0.09 
0. os 

-0.12 
0.00 

........ 
0. Y4 
0. 66 
0. 66 
0. 60 
0. 46 

-0. 08 
0. 12 

-0.72 
-0.68 
-0.48 
........ 

~~ ,~ . - 
3,600-4,oOo ...................... I ...... I ............ 1 ........ 
2,M0-2,500. ......................................... I 0.78 

3,coo-3,500 .......................................... 0.70 
a,., oOo.... ...................................... 0.70 

0.16 ........ 0.80 

........ ........ ..... 

.............. 
0.52 ....... 
0.52 -0.10 
0. 52 0.38 
0. 22 0. 52 
0. 20 0.52 
0. 60 0.08 
0. 76 0. 12 
0. 72 0.32 
0.64 0.32 
0. 55 0. 27 

1,500-2,oOO .......................................... 0.34 
l,Z50-1,500 .......................................... -0.12 
1,M0-1,260 .......................................... 0.24 
750-1.oOo-. .......................................... -0.08 
‘500-750 .............................................. 0.80 
a5woo .............................................. 1.00 
Surface-w). ........................................ 1.18 -0.40 I 0.80 I 0.40 

I 

(troesbeck, 
Ter. 

Broken Arrow,/ 
Okla. Drerel, Nehr. 1 Ellendale, N. Dak. Royal Center, Ind. 
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A marked decrease in the average lapse rates in both 

HIQHS and LOWS, especially in the former, is found in 
winter as compared with summer. 

The avera e lapse rates of the up er levels of LOWS 
are greater t % an those for the same f evels of HIGHS for 
the same seasons, particularly for winter. This indi- 

cates rather strikingly the comparatively steeper lapse 
rates occurring during conditions most favorable for 
precipitation. 

The mean tem eratures in HIQHS and LOWS for summer 
arid winter are s E own in Tables 6 to 9, inclusive. 

TABLE 6.--Mean temperatures, “C., i n  various quadrants of well-pronounced “highs” during summer 

14. 1 
14. 5 
14.0 

13. 8 

13.4 6 . 9  
13.5 i. 1 
14. 1 6. 1 

14. I 4. 0 
.__._. 

- - - - - - - 
- - - - -. . 
-. -. - -. 
-23.9 
-20.5 
-17.5 
-15.3 
-13.3 
-12.0 
-12.7 
-13.8 
-15.6 
-16.5 
-15.6 

-15.0 
_ _ _ - - - -  

. 

. 

. 

. - - - - - . - 

8.4 
6.1 

-3. 3 
-0. 6 

0. 6 
0. 7 
2.0 
2.6 
2.3 
2.4 
2.8 
2. 6 
2.0 

- - 

. . - - - - - 
____-_..__._.. 

____.__ 
______. 
___.__. 

-7.1 
-5. 3 
-2.9 
-0. 2 

1.5 
1. S 
2.2 
2.8 
3.3 
3.2 
3. 1 

. . - - - - -. 

._..__.. 
-19.3 
-16.2 
-13.6 
-11.0 
-9.2 
-9.7 

-10.2 
-11. 4 
--13.4 
-118.6 

-19.8 
.............-. 

- - - - - - - .  
-18.8 
-15.5 
-12.7 
-9.4 
-7.8 
-7.5 
-9. 2 

-10.6 
-E. 6 
-15.2 
-16.8 

-17.1 

._______.._______ 
_ _ _ _ _ _ _ -  
.______- 

-2.7 
0. 1 
2. 5 
4.7 
3. 8 
2. 1 

-0.4 
-0.3 

0.0 
2. 2 
3. 5 

--_._... 
-22.0 
-19.4 
-17.3 
-15.9 
-15.0 
-15.2 
-15.5 
-15.1 
-14.8 
-14. 1 
-12.8 
-12. 6 

9.1 
7.9 

-5.3 
-3.9 
-2.6 
-2.1 
-1.7 
-1.6 
-2.5 
-3.4 
-3.4 
-3.4 

- - 
----.-__.---______--____ _ - - - _ _ _ _ _ _ - - _ _ _ _  

._______ -14.9 
-6.6 -12.7 
-4.6 -10.8 
-2.8 -10.6 
-1.4 -11.1 
-1.1 -12.2 
-0.9 -12.3 
-1.9 -12.0 
-3.2 -10.4 
-4.0 -8.1 
-4.2 -7.9 

Height (m.) M. 8. L. I 11. Q. I ILI Q. I1 Q. I1 Q. :V Q. V Q .  II Q. I IV Q. /Cente 

-1-1- - _ _ _ _  
- _ - _ _  _ _ _ _ _  
___.. 
____. 
-2. 5 

0.4 
3. 8 
6. 5 
8. 3 

10.2 
11.7 
12. 3 
12.9 
14. 1 
14.9 
15. 1 
15. 1 

-1fi. 1 
-13. 8 
-11.6 
-9.4 
-7. 2 
-4.4 
-1. 5 

1.1 
3. i 
6.  2 
8. 4 

10. 
l l . ,  
12. 8 
13. 1 
11. 6 

11.2 
-.... 

____. 
____. 
____. 
-1. I) 

0. 1 
2.3 
3. 5 
G. 6 
9. 6 

11.9 
13.6 
15. $,I 
15. i 
lfi. 7 
17. 8 
18. i 
16.7 
18.6 

.____ 

-3.9 

0. I 

1. 6 

1.5 
11.2 
13.2 
14. 7 
16. 1 
13.4 

10.4 

-0. 2 

4,. 1 

._.._ 

-7.0 
-3. 5 
-0.3 

1.4 
3.4 
6.2 
9. 1 

11.9 
13.2 
14.2 
15. 0 
14.2 

13. 2 

s. 2 
1 .2  
9. 1 

11. 5 
14. 5 
15. (I 
li. 6 
18.4 
18.9 
21. 8 
23. 7 

i6.5 IO. 3 
17.31 ,117 
1S.G 12.0 
lY.2 ...__. 
19.4 i 11.5 

._..._ 
11.4 

.-..... ......- 2 . 8  
10.1 11.2 I 23.2 

’ I-- 
west, 
s. c. Due I Lees- 

burg. 
Ga. 
- 

Broken Arrow, Okla. Groesbeck, Ellendale, N. D&. Drezel, Nebr. Royal Center, Ind. 

TABLE 7.-Mean temperatures, O C. ,  i n  iiarious qirudrants of ioell-protiou,icecE~ “highs” during winter 

Height (m.) M. S. L. 1 I11 Q. I I V  Q. I 111 Q. IV Q. 111 Q I\ Q. I1 Q. I11 Q. I . I ‘  I I I T  Q. I11 Q. IV Q. 

--I-I-l-I- -16.5 
-13. A 
-9. 1 
-6.0 
-3. 8 
-1.6 

0.8 
3.1 
4.2 
5.2 
5.8 
6. 1 
6.3 
6.0 
5.3 
4.8 

__._-. 
_--_-. 
_..__. 
-i. 7 
-5.8 

-2.2 
-1.0 
-0.3 

0.0 
0.2 
0.0 

-0.6 
-1. 2 
-0. 5 
0.0 

-3. a 

_ - - _ _ _  
-25.7 
-24.3 
-21. 8 
-3.1 
-19.2 
-18.3 
-18.6 
-19.2 
-20.1 
-20.9 
-20.5 

-20.4 
-...-- 

I l- I I 
Groesbeck, Tex. I ’$;: Lees- I ROyd-Ind. Broken Arrow, Drexel, Nebr. 

OMS. 

TABLE %--Mean temperatures, C. ,  i n  various qltadi.ants of well-proriounced L L l o i ~ ~ s ”  during summer 

I Q .  I I I Q .  
~ ~~ 

0 . i  
-0.6 ______._ -2.0 0.6 _ _ _ _ _ _ _ _  

1.4 5. 1 2.5 2.2 3.7 
4.3 9.2 6.9 4.8 6.7 7.3 13.3 11.3 7.1 9.6 

10.6 17.3 15.7 10.3 12.5 
21.3 18.9 13.4 20.1 18.7 12.0 15.4 
22.2 3 . 1  14.7 20.9 19.6 13.0 16.9 
23.0 21.1 15.7 20.5 20.9 14.5 18.3 
23.2 21.8 16.9 19.5 19.2 15.9 19.3 
22.5 21.1 16.9 18.3 17.6 17.3 20.2 

_...___________________________ ~ __..___ 19.2 21.5 
2 2 . 8 / 2 0 . 5  16.8 18.1 17.2 19.4 21.6 

_____._ 1 ....... 
___.___ -0.1 

1. 6 4.0 
5.0 7.0 
8.8 10.0 

11.9 13.0 
14.2 14.8 
15.6 15.9 
16.6 16.9 
17.0 17.3 
16.2 18.5 

16.0 18.9 
---__.___----- 

I Ellendale, N. Dak. Royal 1 Ind. 
Broken 
Arrow 
Okla.’ 

631-2- 

Drexel, Nebr. 



208 MONTHLY WEATHER REVIEW M i Y ,  192% 
* 

TABLE 9.-Mean temperatures, “C., i n  various quadrants of well-pronou&ed “lows” during winter 

4:OOO 
S,600 ________________________________________-------- 
1,W ............................................... 
1,Mo ............................................... 
laM.-.-- .-- .------- .----------------------------- .  

760 
Mo ................................................. 
......................................... ......... 
Surfnca-. ........................................... 

................................................................ 
s,OOO ............................................... 

,1,m ............................................... 

1:ooo ............................................... 
................................................. 

Height (m.) M .  8. L. 1 I11 Q. 1 I V  Q. I I Q. 

-10.5 
-13.4 _ _ _ _ _ _ _ _  -6.5 
-9.9 ........ -3.0 
-6.4 3.3 0.3 
-2.5 7.5 3.3 
-0.8 10.5 5.6 
-1.1 11.3 . 5.4 
-0.5 ‘ 1 1 . 0  5.7 
-0.7 11.1 3.9 

1.3 11.3 2.2 
3.8 11.0 ....... 
4.0 11.0 1.7 

Broken Arrow, 
Okla. 

Brokm Arrow, Okla-. _ _ _ _ _ _  0.57 0.45 0.31 
Drexel, Nebr _ _ _ _ _ _ _ _ _  0.34 0.38 0.30 0.42 
Due West 8. C _..___ _ _ _ _ _ _  ____._ _ _ _ _ _ _  0.55 
Ellendale,’N. Dak _ _ _ _  0.52 0.29 0.35 0.38 
Qroesbeck, Ter ................... 0.47 0.31 
k b u r g ,  Qa ........................... 0.57 
Royal Center, Ind .......... 0.55 0.35 0.41 
Mount Weather, Va.- 0.49 0.59 0.55 0.55 

....................... 
-11.1 ........ -9.9 
-10.3 -13.1 -5.9 
-8.8 -10.3 -2.3 
-6.2 -7.6 0.7 
-4.0 -5.0 3.5 
-2.0 -3. 1 5. 7 
-1.9 -2. 6 7.0 -3. 4 -2.0 7. 1 

-4.2 -1.3 7.7 
-3.4 -1.0 5.2 

----______ 
__.___ ._____ _ _ _ _ _ _  0.08 0.05 ____._ 

0.25 ._____ _____. -0.08 0.01 ____._ 
__._._ __.___ __.__. 0.11 0.30 .___.. 

0.28 __.___ -0.24 -0.30 -0.01 .___.. 
.................. 0.14 0. OS ...... 
........................ 0.12 ...... 
...... 0.17 0.07 0.09 0.17 ...... 
...... 0.27 0.23 0.05 0.28 ....... 

....................... 
- 13.0 
-9.3 ____.___ -8.3 
-5.3 ........ -6.3 
-2.2 -10.2 -4.1 

0.0 -7.3 -1.7 
1.9 -5.5 0.4 
3. 1 -5.4 0.9 

3 0 -7.t -2.8 4.2 -3.6 1.6 
3. 4 -7.4 -2. 8 3.0 -2.0 2.6 

........................................ 2.1 0.1 3.9 

................ 

2. 3 -8. 2 -2.7 4.3 - 4 6  1.5 

-q -0.8 I 3.3 I 3.7 -7. 1 -2.8 2.0 0.3 4.0 

Drexel, Nebr. Ellendale, N.  Dak. 1 j Royal Qnter, Ind. 

5,000. 
4,500 

3,500 ......... 
3,000 ._.__._.. 
2.500 ......... 
2.000 ......... 
1,500 __._.___. 
1,250- ........ 
1,ooo ......... 
750 ........... 
500 ........... 
25u.. 
Surface. ..... 

4,000.. ...... 

An examina6ion of these tables shows that the seasonal 
reater for differences in the mean temperatures are 

in the upper of both pressure systems. 
The average lapse rates between the ground ancl 3 km. 

above sea level in HIGHS and LOWS for summer and 
winter are shown in Table 10. 
TABLE 10.-Average temperature lapse rates “ C .  per 100 ni., f o r  the 

air column between the ground and S,,,OOO n,. (sea leael) for various 
quadrants of well-pronounced ‘ I  highs and lows” for summer and 
winter 

HIGHS than for LOWS and greater in the lower 7 evels than 

HIQHS 

.................. 
................... 

1. b 
3.2 
3.9 
4 . 4  
5.0 
4.9 
4.9 
4.5 
3.7 
4.5 

5. 1 
................... 

- 1 ’ Summer I Winter 

._._. 
1.4 
2. 2 

2. , 
2. 9 
3.5 
3.8 
3.0 
1.8 
1. 3 
1.4 
1.3 
I. 3 

2. 2 

18. Z Q .  3 4 .  I-1-1-1 

.- 

5.43 
6. I 

‘. 6 
7. 7 
7. 4 
7.3 

7.9 

I; 

, 

There have included in this table corresponding values 
obtained by Blair (4) for Mount Weather, Va., w1iic.h it, 
will be noted are appreciably higher than are those fcund 
in the present study. This is partly because the t,empera- 
ture results of thek€ount Weather data are based on t,he 
meum of the ascents and descents of kite flightas and 
therefore on higher temperatures, especially for t,he lower 
levels, than would have been the case had the a: wen ts 
only been used as was done for the other stations and 
partly owing to the fact that the present paper represents 
primarily the more pronounced pressure types. 

Table 10 contains the following significant features : 
The average lapse rates to 3 kni. are greater in LOWS 

than in adjacent sectors of HIGHS both for summer aiitl 
winter, the differences between the two pressure types 
bein most pronounced in winter. TL average la se rates are greater a t  the southern 
stations than a t  t !I e northern in HIGHS and in LOWS in 

4.6 
6. 3 

8.9 
7. 7 
6.4 
6.0 

6. 1 

::: 
............... 

The average lapse rates are appreciably less in winter 
than in summer in both HIGHS ancl LOWS, the seasonal 
differences bein most marked in HIGHS. 

The average B apse rates are greater in the front sector 
of HIGHS than in their rear a t  the northern stations in 
both seasons, whereas the opposite relationship obtains 
a t  the 8ou.ther.n st,ations. 

The avern.ge lapse rates are greater in the rear sector 
of LOWS than in their front in both seasons a t  both 
northern and southern stations. 

The ironounced temperature inversions extending to 

cially a t  the northern st,ations, are strikingly shown in 
the average .nega.tive lapse rates for both their front and 
rear sectors a t  Ellendale and in the smallness of the 
positive values a t  the other stations. 

A comparison was made of the temperature results 
obtained for Dresel in this study with those found for 
t,he same station by Gregg (5) in an earlier paper. Al- 
though the latter was necessarily based on a shorter 
record which made it impossible to restrict the pressure 
types to well pronounc,ecl cases, a close agreement was 
found between the mean temperatures for the upper 
levels with t,hose found here. However, since the nieans 
of the ascents nncl descents of kite flights were used the 
values for the surface and lower levels were, as might 
be expected, generally higher than those found here. 

great e Il evations characteristic of winter HIGHS, espe- 

TABLE 11.-Excess or deficiency (-) of mean temperatures, “C. ,  of 
( A )  the reor seefor (second and third quadrants) of “lows” as mm- 
pared w i t h  the front sector (jirs{‘and jouulth quadrants) of “hvhs”  
and of ( B )  the piat sector of lows” as compared with tke rear 
sector of “highs 

S U M M E R  

“2.2, Lm’) (A) Northerly currents (B) Southerly curents 

Drerel, 
Nebr. 

both seasons. 

I Ellen- Royal Broken ~ ~ ~ ~ ~ l ,  Ellen- 
dale, Center, Arrow 

N.Dak. 1 Ind. ~ Ok1a::l Nebr’ I N%k. 

.......... 
......... 
.......... 

-0. 1 
0.0 
0.0 
0.3 
1.2 
1.5 
1.7 
1.6 
1.8 
2.5 
2. 5 

Royal 
Center, 

Ind. 
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..-___._- 
_.____.._ 
....__._. 
._..__... 

4. 1 
7.0 
9.1 
9.9 

10.2 
10.9 
11.4 
10.7 
10.6 

TABLE 12.-Ezcess or deficiency (-) of mean temperatures, ‘C., of (A) the rear sector (second and third quadrants) of “low8” as compared 
with the front sector ( 3 r d  and fourth quadrants) of “ highs” and of (B) the front sector of “lows” as compared with the rear sector of ‘ I  highs” 

WINTER 

.____..-. 
1.4 
2.8 
4.1 
8.3 
8. 0 

10.9 
12.3 
15.2 
16.0 
14.3 

13. 1 
____..._. 

(A) Northerly currents 

3.6 
2.8 
4.0 

4.3 
6.5 

10.5 
12. 5 
13.8 

14.3 

14.4 

3.5 

14.2 

- - - - - -  - _ _ _  

- 
-. - - -. - - 

I. 3 
5.4 
5. 5 
6.3 
7. 5 

10. 1 
11.6 
13.0 
13.3 

13. 0 

Drexel, 
Nebr. 

13. n 
. . -. . . . . 

_ _ _ _ _ _ _ _ _  
_______._ _ _ _ _ _ _ _ _ _  

3.3 
4.1 
5. I 
6.4 
6.3 
I. 6 
9.0 
9.8 

e. 1 

8.4 

Considering sections (A) and (B) of Tables 11 and 12 
as representmg, in general, northerly and southerly 
winds, respectively, it is evident that in summer, LOWS 
avera e warmer than the adjacent sectors of HIGHS. 
The tiff erences become progressively smaller, however, 
from northern to southern stations and from lower to 
h’ her altitudes. 

P n  winter, a t  the northern stations, LOWS likewise 
average warmer than HIGHS, but  a t  the southern and 
eastern stations they average colder in the upper levels, 

articularly in them rear sector as compared with the 
kont sector of H u m s .  

European observations have shown that LOWS there 
average colder, above the lowest levels, than do HIGHS. 
In regard to this, J. Bjerknes and H. Solberg (8) state: 

A very large percentage of European cyclones are occluded ones, 
being dying remainders of previously strong Atlantic depressions. 
The predominance of occluded cyclones in  Europe has led to  the 
statistical result t h a t  cyclones usually have a cold core. A special 
investigation of the  relatively infrequent young deepening cyclones 
will certainly afford evidence of their assymetric thermal structure. 

In the United States, es ecially in the more western 
parts, most cycl.ones. are J’youn, deepening cyclones ’ 7  

and the results in this paper evi ently substantiate the 
final statement of the above quotation. 

W. R. Gregg (5)  in discussing the results he obtained 
for Drexel as contrasted to those for Europe, states: 

The climate of western Europe is essentially marine in  char- 
acter. As such, its temperatures are  subject t o  relatively small 
fluctuations due t o  the importation of air from adjaceiit localities 
under the  influence of winds having successively a northerly and a 
southerly component. The  proximity of the Gulf Stream tends 
further t o  a spreading out of the  latitudinal isotherms, thus adding 
to the moderating influences of the  ocean. The result is tha t  the 
effects of radiation, pressure and  vertical circulation are so much 
greater than those due t o  northerly or-southerly winds as  t o  pro- 
duce what are actually observed, vla, lower temperatures in 
cyclones than in  anticyclones. 

The United States, on the  other hand, i. e., thore portions in 
which observations have been made, has a typically continental 
climate, and its temperatures are alternately affected by strong 
winds from a very cold northerly region and by almost equally 
strong winds from a very warm region. The fluctuationr are  
large, so large indeed t h a t  they tend t o  mask the  effects of the  
other factors already referred to. That  these latter are operating, 
however, is perhaps indicated by the fact tha t  there is less differ- 
ence in  t h e  temperatures at the upper levels than a t  the  earth’s 
surface; more particularly is this t rue at Mount Weather, which lies 
to  the south of most pronounced antcyclonic and cyclonic activity; 
moreover, its proximity t o  the  Atlantic gives it t o  some extent a 
marine climate, so far as easterly and southerly winds are concerned. 

Another probable contributing cause t o  the  temperature differ- 
ence in  the  two continents is the  fact tha t  pressure systems in  
Europe move only about two-thirds as rapidly as do those in  the  
United States. I n  Europe, therefore, the  heating and cooling 
effects of radiation, vertical circulation, etc., are more pronounced, 
since they have greater opportunity for development. 

It would seem that the above explanation re arding 
anticyclones and that given by Bjerknes and 8olberg 

........ 

5.1 
4.1 

-2.7 
-0. 8 

0.0 
0. 3 
2.0 
4.5 e. 9 
7.8 
i. 9 

- 
- 

I I I ...____._ 
.__-___._ 
._.____._ 

3.7 
6. 1 
8.2 
9.2 
9.5 
9.6 
9.7 
9.9 
9.9 

._._.__._ 
-3. 1 
-1.6 
-0. 9 
-1. a 
-2.4 
-1.3 
-0.5 

0.2 
1.3 
2.8 
2.6 

... 
6 .8  
8. 6 

10. 6 
12. 1 
12.6 
13.4 
15.0 
15.8 
15.7 

15. 7 
.._.....__ 

Due Ellen- Oroes- Royal 
West, 1 dale, 1 heck, I Center, 
S. C .  N. Dak. Tex. 1 Ind. 

(B) Southerly currents 

Broken 1 1 522- 1 O r w -  Arrow, %.$:!’ beck, 
Okla. N. Dak. Ter. 

._________ 
-3. I 
-1.2 
-0. 8 

0.3 
1.1 

2. I 
4.2 
6.8, 
7.1 
7.3 

a. 3 

3. a 

Royal 
Center, 

h d .  

for the “cold” cyclones found in Europe are well sub- 
stantiated by the results shown in this paper. 

W. Peppler (6‘) using the same observational data as 
that used by A. Re pler (see p. 201) has compiled the aver- 

for 500 111. intervals for various uadrants of HIQHS and 
LOWS. A comparison of his resu 7 ts with those iven in 
this paper showed, as in the case of the Mount kea ther  
data, certain differences which are obviously due to the 
inclusion of the less pronounced pressure areas in the 
German study. This resulted in the latter showing wide 
variations in the mean vertical temperature gradients for 
the indiviclual years to which fact the author frequently 
calls attention. Moreover, part of the differences be- 
tween the two sets of data were doubtless due to the differ- 
ent plans followed in the methods of classifying, reference 
to which was previously made. Strata of maximum and 
minimum average lapse rates found for all uadrants of 
HIGHS and LOWS for each season were pointe s out and in 
most cases the author inferred a connection between them 
and layers of minimum and maximum cloudiness, res- 
pectively. Too much significance, however, seems to the 
present writer to have been attached to exceedingly small 
variations in the average lapse rates obtained. 

However, notwithstanding the tlifferences in the plans 
followed in the t,wo studies, it was found that in general 
the fundamental characteristics of the avept-qptemper- 
ature lapse rat,es of HIGHS and LOWS as regards dist,inc- 
bions for quadrants and seasons were substantially the 
same for both countries. 

age temperature r apse rates (not actual temperatures) 

RELATIVE HUMIDITY 

The mean relative humidities for various quadrants of 
HIGHS and LOWS for sunimer and winter are shown in 
Fi ures 30 to 33, inclusive. 

%he relatively early morning hour a t  which these 
flights were begun is responsible for the comparatively 
high mean relative humidities indicated for the surface, 
especially a t  the northern stations. Flights made a few 
hours later in t,he day would have resulted in the curves 
being practically vertical, from the ground to about 3 km. 

The mean relative humidities in both EIQHS and LOWS 
a t  the northern stations are somewhat greater in winter 
than in summer. The differences become negligible, 
however, a t  the upper levels. At the southern stations 
this relationship, in the case of HIGHS, is opposite, viz, the 
relative humidity averages hi hest in summer. Insuffi- 

seasonal comparison for LOWS. It has been shown by 
Gregg (7’) that the seasonal relationship between the mean 
surface relative humidities a t  the northern and southern 
stations (determined ,without respect to prevailing pressure 
distribution) was the same as found here, viz, the rglative 

cient observations a t  the sout a ern stations prevent this 
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Ro. 30.--Mean relative humidities for various heights as determined from kite observations in various quadrants 
of well-pronounced HIGHS dimng summer 
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FIG. &-Mean relative humidities from kite observations in winter H I G E ~  
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Fxo. 32.-Mean relative humidities from kite observationsin summer LOWE 
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FIG. 33.-Mean relative humidities from kite observations in winter LOWS 
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humidity avera es highest in summer a t  the southern 

A prominent feature noted in the gra hs for winter 

Ellendale, Drexel, and Royal Center, the three northern 
stations, the mean relative humidity, both in the lower 
and upper levels avera es higher in the fourth quadrant 
than m the third, w ereas the opposite relationship 
occurs a t  the southern stations. This is, in all robability, 

ture content blowing over the latter stations. 
The mean relative humidity in the upper levels of the 

rear sector of HIGHS in summer is reater, in general, than 
that for their front sector, the b e r e n c e s  being larger 
at the southern stations that a t  the northern. 

The central region and fourth quadrant of HIGHS 
contain comparatively low relative humidity in their 
up er levels. From the data available it is found that the 

occur in their second quadrant in bot seasons. 

stations and hig % est in winter a t  the northern stations. 

EUGHS (fi .-31) is the relationship between t rl e mean values 
for the t %lr * d and fourth quadrants. I t  is evident that a t  

due to the southerly winds of comparatively I! eavy mois- 

1 lug 1 est relative humidities in the u per levels of HIQHS 

MAY, 19.26 

T A B L E  13.-Ezcess or deficiency (-) oj mean relative humidities (per 
cent) of ( A )  the rear sector (second and third quadrants) o j  “lows” 
as compared with the jront sector (first and jourlh quadrants) of 
“highs” and of (B) !!e jront sector o j  “lows” as compared with the 
rear sector of “highs 

SUMMER 

Height (m.), I 
M. 9. L, 1 (A) Northerly currents 

. - - - - - - - - . 
26 
1 
3 

-2 
-4 
-3 
-4 
-5 
-5 
-4 
-7 

-8 
. - - - - - - -. 

Ellen- 
dale, 

N. Dak. 

- - - - - - - - 
44 
24 
12 
11 
15 
15 
14 
13 
14 
14 
14 

Royal 
Center, 

Ind. 

(B) Southerly currents 

- - - - - - - - . 
5 

-17 
-19 
-18 
-19 
-15 
-13 
-11 
-6 
-5 
-2 
-4 
-4 

Broken 
Arrow, 
Okla. 

I 

I- 
Royal 
Oenter, 

Ind. 
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TABLE 14.-Excess or deficiency (-) of mean relative humidities (per cent) of ( A )  tke rear sector (second and third quadrants) of “lows” as 

cornpared with the front sector (jirst and fourth quadrants) of “highs” and of ( B )  the front sector of “lows” as compared with the rear 
seetor of highs ” 

WINTER 

_ _ _ _ _ - _ _ _  
1.68 
0.86 
1. 53 
1.86 
2.23 
3.15 
3.00 
3.89 
4.61 
6.05 

6.26 
_ _ _ _ _ _ _ _ _  

I (B) southerly currents (A) Northerly currents I Height (m.), M. S. L. 

_-__------ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
______--__ 

!Am 
3.31 
3.36 
3.14 
2.61 
2. 66 
2.88 
3.66 
4.37 
6.11 
5. 16 

1-1- 

5,000. _ - _ _ - - -  - 
4,500 _ _ _ _ _ _ _ _ -  
4,000 .________ 
3.500 _ _ _ _ _ _ _ _ _  
3,000 _.______ 
2.500 .__..____ 
2,000 .___.____ 
1,500 .___..-__ 
1,250 _ _ _ _ _ - - - -  
1,000 _.____.-- 
750 ___._____._ 
500 _ _ _ _ _ _ _ _ _ _ _  
250----..-..-. 
Surface _ _ _ _ _ _  ~ 

From Tables 13 and 14 i t  is evident that for both 
summer and winter the differences between the mean 
relative humidities of HIGHS and LOWS a t  Drexel and 
Ellendale, the northernmost stat.ions, are almost inap- 
preciable but indicate for the most art a slightly greater 

stations. 
In  winter, a t  the southern and eastern stations, the 

mean relative himidity is appreciably greater in LOWS 
than in HIGHS. “his comparison has not been found 
possible for the southern stations for sumie r  owing to 
msufficient observations. 

mean relative humidity in HIGHS t 1 an in LOWS a t  these 

VAPOR P R E S S U R E  

The mean vapor pressures for various quadrant,s of 
HIGH and LOWS for summer and winter are shown in 
Figures 34 to 37, inclusive. 

A striking agreement will be noted in the relative order 
of the curves for the various quadrants as compared with 
the temperature curves for corre,s onding uadrants. 

between the absoIute humidity and temperature. 
It is evident that  the mean vapor pressures for both 

HIGHS and LOWS are appreciably greater R t  the southern 
than at the northern stations, w t h  the differences diniish- 

with altitude and practically disappearing above 

ressures of HIGHS and LOWS is considerably less marked, 
Bowever, for LOWS than for HIGHS, particularly in t8he 
lowest levels. It is decidedly greater in summer than in 
winter, especially for HIGHS. The marked latitudinal 
variation occurrin in summer instead of winter stands in 

. 

This is to be expected from the we1 P -known re Y at,ionship 

inL 5 

opposite relations % ip to that found for temperat,ure. 

. This latitudinal relationship in the mean vapor 

______---.  
2.83 
2.52 
2.52 
3.38 
3.81 
4.33 
411 
4 8 2  
6.68 
5.14 

4.89 
__--....-. 

. . -. - -. . 
26 
22 
21 
26 
36 
39 
35 
32 
34 
26 
23 

-0. m 
-0.70 
-0.80 
-0.04 

0.08 
0.25 
1.03 
0.61 
0. 64 

Groes- Royal Broken Drexd 
beck, Center, Arrow, 
Tex. 1 Ind. I Okla. I Nebr.t 

1.14 
1.95 
3.31 
4. 19 
4.62 
5. 29 
6.20 _ _ _ _ _ _ _ _ _  
6.64 

14 
19 
21 
14 
18 
16 
6 
3 

-3 
-4 

2 

4 
--------. 

Ellen- 
dale 

N.D&.  

Ellen- 
dale 

N. Dik. 

ROW 
Center, 

Ind. 

This fact, however, is readily explained by the consider- 
ably greater difference in the capacity of air for moisture 
within a given range of relatively high temperatures as 
compared with that for the same range a t  lower tempera- 
tures. 

The seasonal variation in the mean va or pressures for 
both HIGHS and LOWS is appreciable, geing somewhat 
greater, however, for the former than the latter. 

I t  is evident that the range in the mean vapor pressures 
between the lowest and highest levels is considerably 
great,er in LOWS than in HTQHS. 

TABLE 15.-Ezcess or deficiency (-) of mean vapor pressures, mb.] 
of ( A )  the rear sector (second and third quadrants) of “low8” as 
compared with the front sector (jirst and fourth quadrants) of 
“ h i g h s ”  and of ( B )  the front sector of “lows” as compared with the 
rear sector of “highs ” 

SUMMER 

(A) Northerly currents 

I- 

Drerel, 
Nebr. 

- - - - - - - 
0.99 
0.74 
1.45 
1.45 
1.84 
2.52 
3.06 
3. 26 
3. 64 
3.87 
4. 19 

4.02 
- - - -. - - - 

Ellen- 
dale, 

N. Dah-. 

- - - - - - - .  
. - - - - - - - . - - - -. - - - . 
- - - - - - - - . 

2. 45 
1. 69 
2. 23 
3. 98 
4.42 
4.89 
5. 32 
5.83 
6.23 
6. 10 

Royal 
Center, 

Ind. 

(B) Southerly currents 

I- 

:::$: Drexel, 
Oua, Nebr. 

TABLE 16.-Excess or deficiency (-) of mean vapor pressure, mb., of ( A )  the rear sector (second and third quadrants) of ‘LlowsJ’ as com ared 
with the front sector (jirst and fourth quadrants) of “highs” and of ( B )  the front sector of “lozus” as compared with the rear sector of “hig is”  

WINTER 

(A)  Northerly currents (B) Southerly current3 I Height (m.) M. 6. L. 

__..____.. ____.----_ .--- 
-0.46 0.52 
-0. 16 1.00 

0.40 1.26 
1.10 1. 39 
1. 70 1. 74 
2.38 1.83 
2 5 5  1.99 
2.81 2. 19 
3.50 2. 36 
3.56 ____.__... 
3.49 2.41 

..___. _._____... __.____..- 
0.50 .._____.__ ._.___...- 
0.46 .____..___ .____..___ 
0.77 1.25 -1.99 
1.45 1.61 -1.82 
2.01 2 1 8  1.70 
2.23 2.63 2.69 
2.33 3.37 2.59 2.53 4.33 6.08 

2. 11 2.67 6.Sl 
2.17 3.02 6. r6 -. 
2.23 3.05 6. 75 

- - - - - - - - 
0.25 

-0.07 
0.06 
0.45 
0.96 
1.78 
2. 13 
2.60 
3.23 
3.55 

3.38 
. - - - - - - - - - - 

0.93 __-__-____ ___-_--__- 
0.91 _ - _ _ _ - _ _ _ _  1.01 
0.86 _ _ _ _ _ _ _ _ _ _  1.47 
0.69 0.02 1.71 
0.88 0.69 2.11 
1.39 0.73 aaa 
1.73 2.11 273 
2.00 3.17 288 
2 13 4.71 3.08 
2.55 5. & 2.86 
2.93 6.90 2.78 

___.___. 7.23 2.66 
2.91 7.54 2 6 2  
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It is evident from Tables 15 and 16 that t,he mean SUMMARY 
vapor pressures are appreciably greater in LOWS than in 
EIGHS, with the greatest differences occurring in w i n k  in 
those sectors reprmented by sect.ion (B). Broken Arrow 
and Groesbeck, the southern stations, show t,he maximum 
differences in this respect. 

In general the results of this aper are in substantial 
agreement wit,h those obt,ained K ;v Blair (4) for Mount 
Weat.her, Va. Cert,ain difference,s are to be expected, 
however, since Bla.ir used the means of the ascents and 

7 

6 - 
r, 
z 
s* 
I J  

1 6 /U H /B i'Z Z 6 /ff /4 /ff N 2 6 /O P 6 /O .4 /E 22 6 10 N /E 
. W e n  A m ,  O k h  DmxeL Nebr. Due WeaL Ellendale. N.D. Grwsbach Tax. Leolburg. Ga. 

S.C. 
FIG. 34.-Mean vapor pressyes, mh., lor various heights as determined from kite observations in various quadrants of wQ.ll-prOnOuIIced HIGHS during summer. 

n 

2 6 2 6 2  
Emken A r m ,  Due Weal. Grossbeck. Lasaburp. Royal Csnbr. 

Okla. S.C. Tor. Ga. Ind 

FIG. 36.-Mean vapor pressures, mh., from kite OhseIVatiOnS in 
winter  HIGH^ 

6 

g 5  

i' 

1' 

2 
5 ,  

2 6 /O /4 /E 22 6 /O # I d  
Bmhen Arrow, Ohla. Drsiel. Ncbr. 

P 6 /O # /E 
Ellendale. N.D. 

2 6 /O H /8 22 
Royal Center, Ind. 

FIG. 36.-Mean vapor pressures, mh..  from kite ohserrations in summer Lows 

Broken A r m .  Okla. Dmml. Neb?. Ellendmlg Gmerback. Tcz, Royal Center. Ind. 
N D. 

FIG. 37.-Mean vspor pressures. mh.. from kite ohserrations in 
winter LOWS 

The negative values indicated for Broken Arrow for 
s h e r  under section (B) of Table 15 may reasonably he 
attributed to an insufficient nuniber of observat,ions since 
bot'h the southern stations, Groesbeck and Leeshurg, 
while not represented in the tables, are found to agree 
with the northern stations in that the vapor pressures in 
both seasons average greater in LOWS t8han in adjacent 
sectors of HIGHS. 

descentas while in t,he present, paper only the ascents are 
represented. Furt,herniore, the results shown here repre- 
sent primarily the more pronounced pressure types. 

The following results may be emphmize,d : 
1. The characteristics distinguishing HIGHS from LOWS 

are most pronounced in their lower levels. 
2. The front sector of HIGHS should not be considered as 

synonymous with the rear sector of LOWS nor should the 
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rear sector of EIGHS be so c.onsidered with re,spect to the 
front sector of LOWS, since t.he mean values of the various 
elements in these respective regions show distinct differ- 
ences, which, however, decrease with elevation until t,liey 
become inappreciable above 5 km. 

3. Mean wind velocities for adjacent sectors:of HIGHS 
and LOWS are greater in the latter than in the former for 
the same levels and seasons. 
4. Mean wind velocities in HIGHS, i. e., above the gradi- 

ent wind level (a proximately 500 111. above ound), are 

and least in their second and third (rear sector), whereas 
in LOWS they are eatest in the third and fourth quad- 

5. There is usually a rather abrupt retardation in the 
rate of increase of wind with elevation or in some cases 
even a fallin off in velocity beginning a t  about 500 ni. 
above q o u n f  and ending at from 1 to 2 km. This con- 
dition is considerably more ronounced in the second and 

whereas in LOWS it is most marked in the first and second 
quadrants and least in the third and fourth. 

6. The mean winds are very light in the Zouler levels of 
the central region of HIGHS, being lighter than in any of 
the four quadrants. I n  the 'upper levels of this region, 
however, they increase considerably and conform closely 
to the mean values of the first and fourth quadrants, 
i. e., the region of HIGHS containing the strongest winds 
aloft.,  

7. The mean winds are relatively strong in the Zo.zmr 
levels of the central region of LOWS as compared to the 
corresponding region of HIGHS, but in the .u.pper levels 
they are relatively light as compared with the quadrants 
,of LOWS containing the strongest winds, viz, the third 
add fourth. 

8. The second and third quadrants of HIGHS contain a 
considerably greater change in the menn wind direction 
with elevaQon than do their first and fourth, whereas in 
mms this change is greatest in the first and second 
quadrants and least in the third and fourth. 

9. A common mean wind direction for all quaclrants of 
HIGXS is reached at  a greater height in summer than in 
winter and at successively higher altitudes from northern 
to southern stations. 

10. The average temperature lapse rate in both the 
front and rear sectors of HIGHS and LOWS is greate,r in 
summer than in winter, the seasonal differences being 
considerably greater for  HIGHS than for LOWS. 

11. The average lapse rate is greater in LOWS than in 
the adjacent sectors of HIGHS for the same season, the. 
differences being apprec.iably greater in winter than in 
summer. 

12. I n  summer, LOWS average 'iuarm.er than the acl- 
jacent sectors of HIGHS, the cliff erences bec.oming pro- 
ressively smaller from northe,rn to  southern stations and 
rom lower to higher altitudes. 

In  winter, LOWS average warmer than HIGHS at  the 
northern stations but  generally colder at  the sou.therrL 
and eastern stations, in their upper  levels, particularly 
in their r e a  sector as compared with the front sector of 

13. The front sector of KIGHS in winter averages 
colder than the rear to a t  least, 5 km., the differences 
decreasing from nort,hern to sout.11ern st,n.tions. For the 
same season the front sector of LOWS averages warmer 
than the rear to a t  least 4 km., however, in this case 
the differences ,in.crease from northern to southern sta- 
tions. 

greatest in their &st and fourt'h quadrants ( F ront sect,or) 

rants and least in t % e first Rnd second. 

third quadrants of HIGHS t R an in their first and fourth, 

B 

HIGHS.  

14. The differences between the mean relative humidi- 
ties for adjacent sectprs of HIGHS and LOWS at  northern 
stat'ioiis are almost inapprec.iable, but slight1 lower 

HIGHS in both seasons. The opposite relationship is 
found, however, a t  the southern. and eastern stations in 
winter, where the relative humidities average higher 
in LOWS than in HIGHS. 

15. The relative humidity in HIGHS and in LOWS a t  the 
north~rn stations averages R little hi her in winter than 
in summer, whereas the opposite re f ationship occurs in 
t,he ca.se of HIGHS at  the southern stations. 

16. The relative humidity in the wpper levels of  HIGHS 
a-rerqes highest in t,he second quadrant and lowest in 
t,he central re ion. In general, a t  all levels, it averages 

a t  the northern stations but the opposite relationship 
occui's n t  the southern stations. 

17. The mean vapor pressures in both seasons are 
a preciably greater in LOWS than a t  the same levels of 

18. The mean vapor pressures in HIGHS and in LOWS 
are greater a t  the southern stations than at  the northern 
for the same seasons and levels. This latitudinal varia- 
tion is appreciably less for LOWS than for HIGHS in both 

19. The mean vapor pressures of the front sector of 
HIGHS average lower than those of their rear sector 
l d i  a t  the nort,liern and southern stations in both 
seitsoiis, whereas in LOWS the mean values are, in general, 
lowest, in t,he rear sector. These differences, in both 
pressure systeiiis, diminish with altitude. 

30. It wa.s found, in general, bhat the fundamental 
charnckeristics R.S shown by the mean values for the 
rarious quntlrniits of HIGH and LOWS, as herein found, 
are in substantial agreement with the results of other 
invest,igators in t,his country and in Germany. 

humitlit8ies are indic.ated, in general, for LOWS t 1 an for 

higher in the F ourtli quadrant of HIQHS than in the third, 

t i e  f adjacent sector of HIGHS. 

se ns 0 11s. 
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